ABSTRACT OBJECTIVES This study sought to develop a scoring model predicting percutaneous coronary intervention (PCI) success in chronic total occlusions.
S
everal studies have shown that successful percutaneous coronary intervention (PCI) for coronary chronic total occlusion (CTO) is associated with a better outcome in terms of reduced mortality and 1-year major adverse cardiac events compared with CTO-PCI failure (1) (2) (3) (4) (5) .
Although new dedicated devices and guidewires have had a favorable impact on procedural success (6, 7) , CTO remains the type of lesion in which angioplasty is most likely to fail. In a multicenter study, Morino et al. (8) , developed an angiographic scoring system to stratify CTO-PCI complexity. Recently, Nombela-Franco et al. (9) confirmed that the Japanese chronic total occlusion (J-CTO) score is a useful tool for predicting successful guidewire crossing of the CTO within 30 min, but they failed to demonstrate the value of such a model in predicting final procedural success. Although the predictive value of angiographic parameters has been thoroughly investigated, it has been recently reported that even clinical characteristics may have a predictive role (10, 11) .
To obtain a scoring model able to predict final CTO-PCI success, we prospectively analyzed a cohort of patients who underwent CTO-PCI, taking into account both clinical and angiographic parameters.
METHODS
We analyzed 1,671 consecutive patients with CTO treated by PCI from January 2004 to December 2013.
All patients provided written informed consent. The study protocol was approved by the local ethics committee, and all procedures were performed according to current international guidelines (12, 13) .
We reviewed the database of the 1,671 patients who underwent CTO-PCI procedures at ICPS (Massy and Quincy hospitals, France). To improve the accuracy of lesion analysis, all cases were reviewed by our core laboratory before and after the procedure.
PATIENT SELECTION. Patients in whom CTO-PCI was attempted in the setting of acute cardiogenic shock were excluded. In addition, to minimize confounders, only the first CTO-PCI attempts performed during the enrolling period were included in the analysis. If 2 or more CTO PCIs were attempted during the same procedure, the patient was excluded. If a single CTO lesion or 2 different CTO lesions were attempted in 2 or more separate procedures during the enrolling period, only the first procedure was considered as a first attempt and subsequently included in the analysis.
DEFINITION OF COMPLICATIONS. MI was defined as >3 times the upper limit of normal creatine phosphokinase release, in the absence of escalating creatine phosphokinase before PCI.
Ostial dissection and major pericardial effusion were defined, respectively, as angiographic evidence Values are mean AE SD, or n (%).
BMI ¼ body mass index; CABG ¼ coronary artery bypass graft surgery; CAD ¼ coronary artery disease; CKD ¼ chronic kidney disease; CTO ¼ chronic total occlusion; J-CTO ¼ Japanese chronic total occlusion score; LAD ¼ left anterior descending coronary artery; LCX ¼ left circumflex coronary artery; LM ¼ left main; LVEF ¼ left ventricular ejection fraction; MI ¼ myocardial infarction; PCI ¼ percutaneous coronary intervention; RCA ¼ right coronary artery.
Alessandrino et al. The majority of procedures were transradial (65.9%) and were carried out via an anterograde approach (90.6%). Contralateral injection was performed in 36.2% of patients. Attempts at achieving guidewire support were made using a microcatheter in the majority of cases (51.2%), followed by a coaxial balloon (22.5%) and by a monorail balloon (5.7%). The mean J-CTO score was 1.62 AE 0.89.
Each patient was randomly assigned to the derivation cohort (70%, 1,143 patients), or to the validation cohort (30%, 514 patients). Except for smoking, no significant differences in terms of clinical and lesion-related characteristics were reported between the 2 groups ( Table 2) .
DERIVATION MODEL UNIVARIABLE ANALYSIS.
The derivation cohort was divided according to procedural outcome, and clinical and lesion-related characteristics were analyzed ( Values are mean AE SD or %.
Abbreviations as in Table 1 . Values are mean AE SD or %.
Abbreviations as in Table 1 . Table 5) . Four subgroups were identified on the basis of the success rate: score values of 0 to 1 (class 0), >1 and <3 (class 1), $3 and <5
(class 2), and $5 (class 3) corresponding to high, intermediate, low, and very low probability, respectively, of CTO-PCI success in the derivation cohort (p < 0.0001) (Figure 1 ). According to our score ranking, the probability of CTO-PCI failure increased 
Post-procedural MI was reported in 34 patients (2%).
Ostial dissection and pericardiocentesis were reported in 17 (1.0%) and 20 (1.3%) patients, respectively ( Table 6) Values are % or mean AE SD.
CI ¼ confidence interval; n-LAD ¼ non-left anterior descending coronary artery; other abbreviations as in Table 1 . OR ¼ odds ratio; other abbreviations as in Table 1 .
Alessandrino et al.
Angiographic Score Predicting CTO PCI Success O C T O B E R 2 0 1 5 : 1 5 4 0 -8
As expected, the availability of new dedicated devices changed the operators' approach to CTO-PCI during the enrolling period ( 
DISCUSSION
The score system presented here (CL-score) was developed on the basis of a prospective single-center study of 1,657 patients who underwent a first CTO-PCI attempt. To the best of our knowledge, this is the first predictive model of final procedural CTO-PCI success including both clinical and angiographic variables.
Notwithstanding the significant increase in success rates up to more than 85% to 90% reported by the majority of recent studies, especially in patients treated using the retrograde or hybrid approach (16, 17) , CTO is still the setting in which PCI is associated with the highest probability of failure. Previously reported studies have already underlined the impact of several lesion-related characteristics on the procedural outcome (18) (19) (20) (21) (22) (23) . More recently, calcification, bending, blunt stump, occlusion length $20 mm, and prior failed attempts were included in the J-CTO validated score as predictors of probability of Relationships between the 4 classes based on the clinical and lesion-related score (CL-score) value and probability of final procedural success in the derivation and validation groups. The CL-score was a strong predictor of final procedural success in both the validation and derivation cohorts. Values are n (%).
CTO-PCI ¼ chronic total occlusion for percutaneous coronary intervention; MI ¼ myocardial infarction. Annual distribution of first attempt CTO-PCI performed during the 10-year enrolling period at our center. CTO-PCI ¼ chronic total occlusion for percutaneous coronary intervention. Values are n (%) or mean AE SD.
MI ¼ myocardial infarction. 
